BY BRUCE K. WISEMAN, M.D. (From the Laboratories of The Rockefeller Institute for Medical Research)
(Received for publication, January 7, 1931) Chemical methods of ~thnulating lymphoid tissue to increased activity have been, in general, unsatisfactory. Some of the reported procedures have given relatively small responses; others have induced a polyceUular response in the peripheral blood, and have therefore not been specific for lymphocytes; while still others have depended upon the absorption of bacterial products, and hence the conditions prevailing in disease rather than in physiological states have existed.
The effects of drugs, diets, and physical measures have been reviewed recently by Whitney (i). However, the effectiveness of protein in increasing the lymphocytes in the peripheral blood, when injected intravenously over prolonged periods, does not appear to have been heretofore noted. The acute leucopenia immediately following intravenous administration of protein was observed long ago (2, 3) . Moss and Brown (4) found no definite sustained change in total or differential counts after single intravenous injections of 0.1 to 5 cc. of normal horse serum in either sensitized or non-sensitized rabbits. Since their work a considerable literature has accumulated on the blood changes after single parenteral injections of protein, confirmatory but adding very little to the original data. Ehrich (5) injected staphylococcus of low virulence subcutaneously and found a regional hyperplasia of the lymph nodes and some increase in lymphocytes in the peripheral blood. Injecting killed staphylococci intravenously (6) , he obtained an increase in the number of circulating lymphocytes, which reached a maximum at about the 10th and 14th day, and then decreased to normal, although the injections were continued. Hyperplasia of spleen and lymph nodes was observed. A clear differentiation between monocytes and lymphocytes was, however, not stressed.
The observations presented in the present paper were incidental to a study of the effect of chick embryonic extract on the cells of the omental milk spots in rabbits.
Materials and Methods
Adult rabbits were used throughout the experiment. They were observed over periods of from 4 to 13 weeks before being used experimentally, during which time numerous complete supravital blood counts, and observations on temperature and weight were made, thus insuring in so far as possible, infection-free stock, and enabling the selection of those animals for experimentation whose blood counts varied least. A postmortem histological survey was made of the usual routine tissues from each animal.
A series comprising twelve animals was studied with injections of protein of three types by three different routes. Two animals received "embryonic extract" intraperitoneally, two intravenously, and one subcutaneously; two received egg albumen intravenously and one subcutaneously; one received normal horse serum intravenously, and one received normal salt intravenously. In addition, splenectomy was performed on two animals, and upon recovery, one received egg albumen intravenously, the other being carried as a splenectomy control without injections of any type. During the experiment, one animal (R 1271"), receiving intraperitoneal injections of embryonic extract, developed a respiratory infection and was discarded.
The protein used for injections was in each case prepared so that each injection carried approximately 50 rag. of protein in 6 cc. of normal salt solution. Embryonic extract (Carrel (7)) was made by crushing one or two 6 to 9 day chick embryos, diluting with normal salt and centrifuging with aseptic precautions to get a dear solution. This solution was made up fresh prior to each injection. Egg albumen was obtained by aseptically aspirating the albumen from a hen's egg and diluting the resultant material with normal salt to constitute a 20 per cent stock solution which was then further diluted just prior to use. The horse serum used was commercial horse serum, and was diluted to proper concentration before each injection.
All intravenous injections were made into the marginal ear vein. In the two animals receiving subcutaneous injections, the amount given to each was divided equally, 3 cc. being injected into the right foot pad and 3 co. into the right inguinal region. Except in two animals, biopsies were performed with the removal of either the popliteal or inguinal lymph nodes or both, prior to starting the injections. No preliminary biopsy was made in the case of Rabbits R 1254 and R 1158, because it was deemed advisable to preserve the corresponding lymph nodes on both sides in order to control by direct comparison in the same animal the reaction in those nodes that drained the area in which the injection was made.
Injections were made, for the most part, daily, six times per week. Since it has been demonstrated that more than 24 hours is required for the disappearance of horse serum injected into the blood stream (8), there may have been no period during the entire course of these experiments in which the foreign protein was not * These are serial numbers of the work of the department covering a term of years.
present in the circulating blood. Blood examinations, including total red and white cell counts, supravital differential counts, and hemoglobin determinations, were made prior to each injection.
EXPERIMENTAL OBSERVATIONS Table I summarizes the most important data obtained, including the lymphocyte responses and the weights of the spleens at autopsy. It is evident from this table that all three forms of protein elicit hyperplasia of the spleen, accompanied by a lymphocytosis in the peripheral blood. The greatest response seems to be obtained when the material is given intravenously and probably egg albumen is the most potent of the three substances; a larger series, however, would be necessary to decide this point. It is believed that unless the lymphocyte response is at least 25 per cent above or below the control base line average, it is not justifiable to assume that any effect has been elicited. The fluctuations obtained in the animal receiving only normal saline intravenously (R 1186), and those observed after splenectomy without subsequent injections (R 1187), were well within these limits of normal; the results obtained in the animal receiving embryonic extract intraperitoneally (K 1111) should be regarded as equivocal, though suggestive in view of the results obtained in the other treated animals.
The findings in five of the animals receiving injections of protein (Charts 1 to 5) are typical of this series. All these graphs show an almost specific rise in lymphocytes, which first became evident between the 7th and 10th days after the injections were started. It will be noted that although the average lymphocyte level became const antly elevated, yet there were wide fluctuations within the zone of elevation. That the response and the fluctuations in the lymphocytes are not dependent on the spleen, either through splenic contractions with resultant lymphocytosis, or by the provision of new cells by maturative processes, is indicated by a study of the blood from the splenectomized rabbit (R 1185, Chart 5). In this animal the same phenomena are noted, although the control (Rabbit 1~ 1187) in which splenectomy was performed at the same time but which received no injections showed no noteworthy changes in the blood cells.
Of interest are the occasional neutrophilic peaks or "showers" (see ~.19,~ ~.
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CHART 3. Blood findings in Rabbit R 1163. Twenty-five injections, each of approximately 50 rag. egg albumen in 6 cc. normal saR solution were given this animal on successive days. Note the extraordinarily high count of 16,600 lymphocytes on March 28, and the concomitant high peaks in neutrophils and monocytes. On this day the count was repeated four times at 2 hour intervals and showed (i) that the monocyte peak represented a single "shower" of those cells, (2) that the neutrophils fluctuated between 3,000 and 9,500 cells per c.mm., and (3) that the lymphocytes fluctuated between 6,100 and 16,600. An additional neutrophilic peak was obtained on March 3. amination of the fixed and stained films confirmed the supravital findings of an increase in types with heavily basophilic cytoplasm. The significance of these changes is dealt with in a succeeding paper.
There was no definite trend in the changes in the red cells, hemoglobin, and eosinophilic and basophilic leucocytes. Rabbit An analysis of the histology of the lymph nodes and spleen showed a state of hyperplasia in these tissues. With the exception of the splenectomized animal, in which the nodes removed at biopsy showed some degree of hyperplasia, the nodes of the controls showed no departure from normal. However, in the nodes of the injected animals, removed at autopsy, there was an increase in size of the cortical nodules and a considerable increase in the number of mitotic figures within the germinal centers of Flemming. The medullary cords were, in some cases, almost obliterated by the encroachment and invasion of lymphoid tissue. Many of the cortical nodules were confluent, resulting, in some cases, in the node assuming the appearance of diffuse hyperplastic lymphoid tissue, as contrasted with the ordinary distinct, corticomedullary architecture of the original normal node from 15. 000 C~T 5. Blood findings in Rabbit R 1135. After recovery from splenectomy, this animal received on each of 37 consecutive days an intravenous injection conta/ning approximately 50 mg. of egg albumen. Note again that the blood changes consist essentially of a sustained rise in total numbers of lymphocytes. Splenectomy control (R 1187) showed no blood changes. This chart also shows an increase in monocyte level during the period of injections. the same animal. In a few cases, notably in Rabbits R 1163 and R 1183, great numbers of early lymphoblasts were found in the internodular areas, together with patches of cells containing large nuclei with mitotic figures. Increases in eosinophils and plasma cells were also noted. Comparative weights of the popliteal glands at autopsy and the control glands removed at biopsy did not reveal any clearly indicated changes save as concerns the popliteal nodes of Rabbits R 1158 and R 1264, in which the regional lymphatics had been infiltrated with the injection material. These latter nodes were very edematous and it is probable that much of the increases in weight (of 650 per cent and 1,500 per cent, respectively), were due to absorbed fluids. In the spleen, gross as well as microscopic changes were striking. Grossly, the enlarged Malpighian follicles could be seen through the splenic capsule, closely resembling miliary tubercles. Some were dissected out and were proved by supravital examination to be masses of lymphocytes. Many of the follicles measured approximately 1 ram. in diameter. Microscopically, great hyperplasia with many mitotic figures was found. An increase in eosinophils and plasma cells was also noted. Table I indicates an association between the larger spleens and the lower peripheral lymphocyte counts. Possibly the spleen regulates the level of lymphocytes in the peripheral blood. Barcroft (11) has shown that it acts as a reservoir for red blood ceils and Doan, Zerfas, Warren, and Ames (12) have described a similar function of the organ in relation to neutrophilic leucocytes in experimental granulocytic leucocytosis after sodium nucleinate.
A great deal of interest centered about the condition of the thymus in the animals. Whether or not the thymus is a true lymphoid organ has long been a matter of debate. Margolis (13) in a recent publication reviews the question and contributes his own observations in a series of autopsies in cases of leucemia. He found no evidence that the thymus participated in the leucemic process.
In the rabbits receiving protein injections no evidence of proliferation of thymic tissue could be detected by microscopic study. It would appear from this finding that the thymus does not take part in the general hyperplasia of the lymphatic tissue, contributing further doubt as to the identity of the small thymic cells with true blood lymphocytes.
Histological examination of the remaining organs of the body showed no noteworthy changes with the exception of an increase in eosinophils in many of the tissues. The number of eosinophilic ceils in the bone marrows was especially increased. At least two explanations are possible of the r61e played by the parenterally administered protein in the determination of lymphocytosis. The substance may act either as a maturative or as a chemotactic factor (14) . Since the number of lymphocytes does not increase until the 7th day after the injections are started, it is difficult to believe that a chemotactic effect obtains. On the other hand, it is entirely logical to assume that maturative changes may be stimulated by this agent through a specific functional demand for a specific cell type. Reduction or neutralization of foreign protein which gets through the natural body barriers and enters the tissues may well be one of the functions Of the lymphocyte. Regardless of the actual reason for explanation of the phenomena reported in this paper, it seems probable that there is a more intimate relation between certain phases of protein reaction or intoxication in the body and the lymphatic tissue than has heretofore been recognized. The simple method here described for inducing an increase in the lymphocytes of the peripheral blood should be of value for studies into the function and r61e of the lymphocyte. Such studies are in progress.
SUM' MARY
Repeated parenteral injections by various routes in a series of twelve rabbits .caused an increase of lymphocytes in the peripheral blood varying from 23 per cent to 139 per cent. It seems probable that the degree of response is conditioned upon the type of protein used. At autopsy the lymph nodes and spleen showed hyperplastic changes. The thymus did not participate in the hyperplasia.
